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Abstract We released seeds of two sympatric tree
species, Corylus mandshurica (seed with thinner seed
hull, higher nutrition) and C. heterophylla (seeds with
thicker seed hull, lower nutrition) in the masting year
of C. mandshurica in 2008, and C. heterophylla in
2009, respectively, to investigate how seed masting
of the two sympatric Corylus species affects seed
removal and dispersal fitness of the two species
differently at both intra- and inter-specific levels. At
intra-specific level, the authors found mast seeding of
both C. mandshurica and C. heterophylla signifi-
cantly reduced seed removal, seed consumption, but
increased seed dispersal distance and seed dispersal
fitness of the released seeds. Mast seeding of
C. mandshurica increased seed caching of C. mand-
shurica. At inter-specific level, the authors found
mast seeding of C. mandshurica reduced seed
removal of C. heterophylla, but mast seeding of
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C. heterophylla did not significantly reduce seed
removal of C. mandshurica. Mast seeding of C. mand-
shurica reduced seed consumption of C. heterophy-
lla, while mast seeding of C. heterophylla reduced
seed consumption of C. mandshurica. We found mast
seeding of C. mandshurica significantly reduced seed
dispersal distance of C. heterophylla, while mast
seeding of C. heterophylla significantly increased
seed dispersal distance of C. mandshurica. We found
that mast seeding of C. mandshurica significantly
increased seed dispersal fitness of C. heterophylla,
while mast seeding of C. heterophylla did not
significantly increase seed dispersal fitness of
C. mandshurica. More studies are needed to reveal
the ecological consequences of mast seeding at inter-
specific or community-level. Seed traits may attribute
the differences of mast seeding at inter-specific level.
Because seeds with thinner seed hull and higher
nutrition were more harvested and eaten by rodents,
mast seeding of C. mandshurica might have reduced
seed removal and seed consumption, but increased
dispersal fitness of C. heterophylla (seeds with
thicker seed hull, lower nutrition). Therefore, syn-
chrony among species is, or is not, selectively
beneficial to the focus species depends on seed traits
which determine gains from mast seeding at inter-
specific level.
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Introduction

Many studies have demonstrated that animals have
great influences on tree regeneration of large-seeded
trees (Wenny and Levey 1998; Theimer 2001; Jansen
et al. 2004; Youngsteadt et al. 2008, 2009). Animals
often scatter- or larder-hoard foods for later use to
overcome food shortage (Vander Wall 1990). Scatter
hoarding of animals is more beneficial to seedling
regeneration of forests (Vander Wall 1990; Chambers
and Macmahon 1994).

Many tree species produce massive seeds at irreg-
ular intervals (Jansen et al. 2004; Xiao et al. 2005; Li
and Zhang 2007). Mast seeding usually affects seed
dispersal and hoarding behaviors of small rodents
(Kelly 1994). Previous studies have shown that seed
removal speed become lower in mast seeding year
(Crawley and Long 1995; Theimer 2001; Jansen et al.
2004; Xiao et al. 2005; Li and Zhang 2007), probably
caused by the predator satiation effect (Kelly 1994).
Rodents were seen to increase efforts of caching seeds
in years of high food availability (Theimer 2001;
Jansen et al. 2004; Zhang et al. 2008a). Empirical
studies show that seeds are dispersed further in the mast
seeding year (Janzen 1971; Jansen et al. 2002, 2004;
Vander Wall 2003; Xiao et al. 2004), indicating that
dispersal distance can also be influenced by seed
abundance (Li and Zhang 2007; Moore et al. 2007).

Though mast seeding has been found to benefit
forest regeneration at both population level (Li and
Zhang 2007) and individual level (Zhang et al.
2008a), it is not clear if and how mast seeding of
one tree species affect seed dispersal fitness of other
sympatric tree species at inter-specific level; although,
synchrony of mast seeding is selectively favored
among Dipterocarp trees (Curran and Leighton 2000;
Curran and Webb 2000) and Chionochloa grasses
(Kelly et al. 2000, 2008). Here, we hypothesized that
(1) synchrony in seed masting among species may or
may not benefit each other, depending on whether one
species has fitness gains from masting by the other
species due to difference in seed traits; (2) differences
in seed traits among species may influence the inter-
specific effects of seed masting. Seeds of some tree
species which are more likely eaten by rodents may
help protect seed survival of the other tree species.

Both Corylus mandshurica and the sympatric tree
species C. heterophylla are characterized by seed
masting without some overlap in seed rain. In 2008,
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there was a high level of seed crop of C. mandshurica
but a very low level of seed crop of C. heterophylla,
while in 2009 there was a high level of seed crop of
C. heterophylla but an extremely low seed crop of
C. mandshurica in our study areas, which provided an
opportunity to study the effect of mast seeding of one
tree species on its own seed dispersal fitness and on
that of the sympatric tree species of the same genus.
Seeds of both the species become mature from mid-
August to early September, and are favorite food of
small rodents (Yi and Zhang 2008). The fresh seed
mass of C. heterophylla (1.18 & 0.28 g, n = 12) is
larger than C. mandshurica (0.73 £+ 0.08 g, n = 12),
and its seed hull (0.24 4 0.03 cm, n = 11) is thicker
than that of C. mandshurica (0.11 £ 0.01 cm,
n = 10). The caloric value of per C. mandshurica
seed (6.21 £ 0.02 kJ, n = 24) is larger than that of
C.  heterophylla (430 £ 0.03 kJ, n =22). We
released tagged seeds of C. mandshurica and C. hete-
rophylla in a C. mandshurica dominated forest in
2008, and in a C. heterophylla dominated forest in
2009. Seeds were released late July with no seed rain
(we defined it as “the pre- period” of seed rain), mid-
August with little seed rain (we defined is as “the
early period of seed rain”), late August with large
amount of seed rain (we defined it as “the peak-
period” of seed rain) and early September with little
seed rain (we defined it as “the end-period” of seed
rain), to investigate how seed masting (across the
early, peak-, and end-period of seed rain) of the two
sympatric Corylus species affects seed removal and
dispersal fitness of the two sympatric Corylus species,
respectively, by comparing the results obtained in
pre-period (non-seed rain). The study aimed to
examine whether the inter-specific effect of seed
masting on is species-specific and seed trait-depen-
dent for two sympatric tree species of Corylus.
Besides, the intra-specific effects of mast seeding
were also investigated for comparisons.

Materials and methods

Study site

The study was conducted from July to October of
2008 and 2009 in the Dongfanghong Forestry Center

(elevation averaged at 750 m, 45° 58’ N, 129° 08’ E)
in the Dailing District, Yichun City, Heilongjiang
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Province, northeast China. The climate of the exper-
imental site is dominated by the north temperate
zonal monsoon with severe and long winters but short
warm summers. The annual average air temperature
is 1.4°C with extremes of 35°C and —40°C. The
average annual precipitation is 660 mm, and 80% of
which falls in the short growing season from May to
September (Wang and Meng 2005). The vegetation is
characterized by the secondary broad-leaved and
conifer mixed forest. In the experimental region,
dominant or common canopy tree species included
Betula platyphlla, Juglans mandshurica, Quercus
mongolica, Pinus koraiensis, Fraxinus mandshurica,
Phellodendron amurese, Acer mono, and Tilia amur-
ensis, beneath the tree species, shrubs such as
C. mandshurica, C. heterophylla, Fructus schisand-
rae, and Acanthopanax senticosus dominated. Small
seed-hoarding mammals are Apodemus penisulae,
Clethrionomys rufocanus, and Eutamias sibiricus.
Eurasian jay, Garrulus glandarius were potential
agents for seed dispersal, but they are less important
for the two species of C. mandshurica and
C. heterophylla with relatively hard seed hull.

Seed tagging

Experimental mature seeds of last autumn were
obtained in the market because they were economic
food items. Sound seeds of C. mandshurica and
C. heterophylla were selected and tagged using
methods slightly modified from Zhang and Wang
(2001). A tiny hole of 0.3 mm in diameter was drilled
on the top of each seed with an electrical drill. Seeds
were tied with a small, light plastic-tag (length x
width, 2.5 cm x 3.5 cm, <0.3 g) through the hole
using a thin steel wire 10-cm long, each tag was
coded with a serial number for easy identification.
When small rodents bury the tagged seeds in the soil,
the tags are often left on the ground surface, making
them easily re-located. The effects of tagging on seed
removal and caching by rodents are neglectable
(Zhang and Wang 2001; Forget and Wenny 2005).

Seed release and seed removal

In 2008, 40 seed stations spaced at 25-30-m apart
were established along four transect lines because
almost all seeds of C. mandshurica and C. hetero-
phylla were confined in an area with a radium of

10 m (Yi and Zhang 2008). The first seed release was
conducted on 21 July with no seed rain of
C. mandshurica (pre-period of seed rain). 600 tagged
seeds were released at 20 seed stations for
C. mandshurica and C. heterophylla, respectively.
The second release of 600 tagged seeds of each
species was conducted on 19 August with little seed
rain (early period of seed rain), the third release of
600 tagged seeds of each species was conducted on
28 August with large amount of seed rain (peak-
period of seed rain), and the fourth release of 600
tagged seeds of each species was conducted on 9
September with little seed rain (end-period of seed
rain). The pre-period was taken as control group for
comparison with mast seeding group, while the early
period, peak-period, and end-period were taken as
group of mast seeding. In 2009, the seed release
procedure in C. heterophylla dominated forest was
similar to that in 2008. The seed release date was 21
July, 16 August, 27 August, and 12 September
respectively. The same stations were used for all seed
releases at different dates unless stations were
occupied by previous released seeds when releasing.
Then, alternative seed stations were established 10-m
far away from the previous ones. After seed release,
we searched the area around each station (radius,
<20 m) through daily visits with equal efforts of
10 min for two people each visit at the first 10 days,
looking for the tagged seeds removed from seed
stations and recording seed fates by small mammals.
Seed fates of the released seeds in each station were
measured as: intact in situ (IS), eaten in situ (EIS);
eaten after removal (EAR), intact after removal (on
surface) (IAR); cached after removal (in soil) (CAR);
missing (in burrow or not seen) (M). According to
our observation, missing seeds were mostly moved
into burrows and could not develop into seedlings.
We pooled EAR, TAR, CAR, and M as removed
seeds (R) by small rodents. EIS and EAR were
pooled together to be eaten seeds (E) by small
rodents. Afterward, seeds remained in stations and
cached seeds were checked at regular time intervals.
We define the dispersal fitness as the proportion of
the survived intact cached seeds by the last survey
(30 days after each release) according to Zhang et al.
(2008b). The dispersal fitness is calculated as
follows: F = Ng/Ny, here F denotes the dispersal
fitness, Ns and N, represent the total number of
survived intact cached seeds at the last survey and the
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total number of tagged seeds initially released,
respectively. The dispersal distances were measured
as the linear length from the center of released
stations to the sites where tagged seeds were located.

Abundance and species composition of small
rodents

In the experimental site, we used live trapping cages
(width x height x length: 9 cm x 10 cm x 25 cm)
baited with peanuts to investigate small rodent
species and their relative abundances. Four transects
adjacent to release areas were selected and 40 trap
stations were set at 5-m intervals for three consec-
utive nights before each of seed release tests. The
captured animals were measured and then released at
the same trapping sites. The trapping procedures were
conducted with permission of the Henan University
of Science and Technology.

Data analyses

Data analyses were performed using SPSS 16.0. Cox
regression was used to compare differences of seed
removal level from seed stations among the different
release periods (in the pre-, early, peak-, and end-
periods of seed rain) (Xiao et al. 2005). We empha-
sized our data interpretation on comparisons of results
in pre-period with those in the other three periods for
detecting the effects of mast seeding. General Linear
Model (GLM), which is more robust than ANOVA to
the data distribution, was used to test differences in
seed fates (following arc-sin transformation), the total
dispersal fitness, and dispersal distances among the
four seed release periods. The error distribution was
specified using Levene’s Test. If the error variance is
equal, LSD Test was used, otherwise, Tamhane Test
was used. Significant difference in rodent trap success
was tested using Chi-square test.

Results

Rodent species and abundance

In 2008, a total of 74 animals of three small rodent
species were captured over 480 trap-nights including

51 Apodemus penisulae, 18 Clethrionomys rufocanus,
and 5 Eutamias sibiricus. No significant difference
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was found in trap success (capture probability of traps,
ranged from 10 to 17.5%) among the four surveys on
17 July, 15 August, 25 August, and 5 September
()(2 = 0.855, df = 3, P = 0.836, Chi-square test). In
2009, a total of 48 animals of three small rodent
species were captured over 480 trap-nights including
32 Apodemus penisulae, 13 Clethrionomys rufocanus,
and 3 Eutamias sibiricus. No significant difference
was found in trap success among the four surveys
(;(2 = 0.874, df = 3, P = 0.858, Chi-square test).

Seed removal level

Cox regression analysis revealed no significant effects
of seed rain of either mast seeding of C. mandshurica or
C. heterophylla on seed removal level of C. mandshu-
rica (Wald = 2.550, df =3, P = 0.446; Wald =
2.477,df = 3, P = 0.480) (Fig. 1a, c). However, mast
seeding (early, peak-, and end- periods) of C. mandshu-
rica tended to decrease removal level of C. heterophylla
(Wald = 16.770, df = 3, P = 0.001) (Fig. 1b), while
mast seeding of C. heterophylla tended to decrease
removal level of C. heterophylla (Wald = 18.698,
df = 3, P < 0.0001) (Fig. 1d). Seed removal level of
C. heterophylla in the pre-period seed rain of C. mand-
shurica was significantly higher than those in the early,
peak-, and end- periods (Wald = 9.222, df =1, P =
0.002; Wald = 8915, df =1, P = 0.003; Wald =
5.117, df =1, P = 0.024). Seed removal level of
C. heterophylla in the pre-period of its own seed rain
was significantly higher than those in the early, peak-,
and end- periods (Wald = 4.408, df = 1, P = 0.036;
Wald = 6.370, df =1, P =0.012; Wald = 8.521,
df =1, P = 0.003).

Seed fates

In Fig. 2a, there were significantly more tagged seeds
of C. mandshurica remained in situ (IS) in the early
period (P = 0.030) and peak-period (P = 0.005);
significantly more seeds cached after removal (CAR)
in the early period (P < 0.0001) and peak-period
(P = 0.015); but significantly less seed eaten (E) in
the early period (P < 0.0001) and peak-period
(P = 0.001) than in pre-period of seed rain of
C. mandshurica. These results indicated that mast
seeding of C. mandshurica increased seed caching,
but reduced seed removal and seed consumption of
C. mandshurica.
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In Fig. 2b, there were significantly more tagged
seeds of C. heterophylla remained in situ (IS) in the
early period (P < 0.0001), peak-period (P < 0.0001),
and end-period (P = 0.007); but there was signifi-
cantly less seed eaten in situ (EIS) in the early period
(P = 0.002); less seed eaten (E) in the early period
(P < 0.0001) and peak-period (P < 0.0001); less seeds
removed (R) in early period (P = 0.042) and peak-
period (P < 0.0001) than in the pre-period of seed rain
of C. mandshurica. These results indicated that mast
seeding of C. mandshurica reduced both seed removal
and seed consumption of C. heterophylla.
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InFig. 2c, there were significantly less tagged seeds
eaten in situ (EIS) of C. mandshurica in the peak-
period (P = 0.014) than in the pre-period of seed rain
of C. heterophylla. In Fig. 2d, there were signifi-
cantly more tagged seeds remained in situ (IS) of
C. heterophylla in the peak-period (P < 0.0001) and
end-period (P < 0.0001); but significantly less seeds
eaten in situ (EIS) in the peak-period (P = 0.041) and
end-period (P = 0.004); less seeds eaten (E) in the
early period (P < 0.0001), peak-period (P < 0.0001),
and end-period (P < 0.0001) than in the pre-period of
seed rain of C. heterophylla. These results indicated
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Fig. 2 Effects of mast seeding of C. mandshurica and
C. heterophylla on seed fates of C. mandshurica and
C. heterophylla. Data were expressed as mean + SE. a,
b Effect of mast seeding of C. mandshurica on C. mandshurica
and C. heterophylla, respectively. ¢, d Effect of mast seeding of

C. heterophylla on C. mandshurica and C. heterophylla,
respectively. Different letters indicate significant differences
between seed rain periods according to General Linear Model
analyses, P < 0.05, while bars sharing the same letter do not
differ significantly at P = 0.05

@ Springer



790

Plant Ecol (2011) 212:785-793

that mast seeding of C. heterophylla reduced seed
consumption of both C. heterophylla and C. mandshu-
rica, and also reduced seed removal of C. heterophylla.

Dispersal distances

The dispersal distance of tagged seeds of C. mand-
shurica was significantly larger in the early period
(P = 0.006) than that in the pre-period of seed rain of
C. mandshurica (Fig. 3a). The dispersal distances of
tagged seed of C. heterophylla were significantly
lowers in the peak-period (P = 0.044) and end-period
(P < 0.0001) than that in the pre-period of seed rain of
C. mandshurica (Fig. 3b). The dispersal distances of
tagged seeds of C. mandshurica were significantly
larger in the early period (P < 0.0001), peak-period
(P < 0.0001), and end-period (P < 0.0001) than that
in the pre-period of seed rain of C. heterophylla
(Fig. 3c). The dispersal distances of tagged seeds of
C. heterophylla were significantly larger in the early
period (P < 0.0001), peak-period (P < 0.0001), and
end-period (P < 0.0001) than that in the pre-period of
seed rain of C. heterophylla (Fig. 3d). These results
indicated that mast seeding of C. mandshurica signif-
icantly increased seed dispersal distance of C. mand-
shurica, but reduced seed dispersal distance of
C. heterophylla, while mast seeding of C. heterophylla

significantly increased seed dispersal distance of both
C. mandshurica and C. heterophylla.

Dispersal fitness

The dispersal fitness of tagged seeds of C. mandshurica
was significantly higher in the early period (P = 0.044)
and peak-period (P = 0.002) than that in the pre-period
of seed rain of C. mandshurica (Fig. 4a). The dispersal
fitness of tagged seeds of C. heterophylla were signif-
icantly higher in the early period (P = 0.003) than that
in the pre-period of seed rain of C. mandshurica
(Fig. 4b). The dispersal fitness of tagged seeds of
C. heterophylla was significantly higher in the peak-
period (P < 0.0001) than that in the pre-period of seed
rain of C. heterophylla (Fig. 4d). These results indicated
that mast seeding of C. mandshurica significantly
increased seed dispersal fitness of both C. mandshurica
and C. heterophylla, while mast seeding of C. hetero-
phylla only significantly increased seed dispersal fitness
of C. heterophylla.

Discussion

Our results demonstrated that seed masting of both
C. mandshurica and C. heterophylla significantly
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Fig. 3 Effects of mast seeding of C. mandshurica and C.
heterophylla on seed dispersal distance of C. mandshurica and
C. heterophylla. Data were expressed as mean + SE. a,
b Effect of mast seeding of C. mandshurica on C. mandshurica
and C. heterophylla, respectively. ¢, d Effect of mast seeding
of C. heterophylla on C. mandshurica and C. heterophylla,
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respectively. Different letters indicate significant differences
between seed rain periods according to General Linear Model
analyses, P < 0.05, while bars sharing the same letter do not
differ significantly at P = 0.05. Capital letters A, B, C, and
D indicate pre-period, early period, peak-period, and end-
period of seed rain, respectively
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and C. heterophylla, respectively. ¢, d Effect of mast seeding
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reduced seed removal of their own released seeds, which
is well in agreement with previous studies on the effect
of seed masting (Janzen 1971; Crawley and Long 1995;
Theimer 2001; Li and Zhang 2007). This observation is
well explained by the predator satiation effect that it will
take more time for animals to remove sufficient seeds in
mast seeding year (Kelly and Sork 2002; Jansen et al.
2004). It is notable that, at inter-specific level, we found
mast seeding of C. mandshurica reduced seed removal
of C. heterophylla, but mast seeding of C. heterophylla
did not significantly reduce seed removal of C. mand-
shurica. This is probably because C. mandshurica has
higher nutrition and thinner seed hull than C. hetero-
phylla, and were more likely harvested by rodents. Our
previous studies demonstrated that seeds with hard hull
are less selected, and then removed more slowly by
rodents (Lu and Zhang 20054, b; Yi and Zhang 2008;
Zhang and Zhang 2008).

Previous studies have demonstrated that seed
masting or abundant seeds generally decrease the
proportion of seeds eaten (e.g., Vander Wall 2003;
Jansen et al. 2004; Xiao et al. 2004; Li and Zhang
2007; Yi and Zhang 2008; Zhang et al. 2008a). Our
results indicated that mast seeding of C. mandshurica
reduced seed consumption of both C. mandshurica
and C. heterophylla, while mast seeding of
C. heterophylla reduced seed consumption of both

respectively. Different letters indicate significant differences
between seed rain periods according to General Linear Model
analyses, P < 0.05, while bars sharing the same letter do not
differ significantly at P = 0.05. Capital letters A, B, C, and
D indicate pre-period, early period, peak-period, and end-
period of seed rain, respectively

C. heterophylla and C. mandshurica. The mast
seeding effect on seed consumption of the same
species observed in this study is well in agreement
with that in the previous observations (e.g., Li and
Zhang 2007; Zhang et al. 2008a). In this study, we first
demonstrate that the inter-specific effect of mast
seeding on seed consumption is similar to that intra-
species effect. The mast seeding effect on seed
consumption can also be well explained by predator
satiation hypothesis.

In this study, we found mast seeding of C. mand-
shurica increased seed caching of C. mandshurica,
supporting some previous observations that more
seeds were cached in masting years (e.g., Jenkins and
Peters 1992; Li and Zhang 2007). Animals tend to
quickly scatter-hoard seeds surrounding seed
resources in order to sequester and occupy more
food resources (Jenkins and Peters 1992). However,
we did not detect such significant effect in C. hete-
rophylla or the inter-specific effect of mast seeding
on seed caching.

Our studies indicated that, at the intra-specific
level, mast seeding of both C. mandshurica and
C. heterophylla significantly increased seed dispersal
distance of their own seeds, supporting some previous
observations (e.g., Stapanian and Smith 1978; Vander
Wall 2002; Jansen et al. 2004; Li and Zhang 2007).
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However, dispersal distance may be affected by
several factors (Brewer and Webb 2001; Theimer
2003; Xiao et al. 2004). A few studies have reported
that seeds were moved less far in seed-rich years than
in seed-poor years (e.g., Theimer 2001; Jansen et al.
2004; Xiao et al. 2005; Moore et al. 2007). At the
inter-specific level, we found mast seeding of
C. mandshurica significantly reduced seed dispersal
distance of C. heterophylla, while mast seeding of
C. heterophylla significantly increased seed dispersal
distance of C. mandshurica. This is also probably
because more nutritional and hull-thinner seeds of
C. mandshurica were more harvested than C. hete-
rophylla, and they negatively affected the dispersal
distance of the other species.

We found mast seeding of both C. mandshurica and
C. mandshurica significantly increased seed dispersal
fitness of their own seeds, supporting our previous
studies (Li and Zhang 2007; Zhang and Zhang 2008).
Because decrease in seed consumption and increase in
seed caching in masting years, there would be more
seeds survived the predation by rodents. This is also
well explained by predator satiation hypothesis. At
inter-specific level, we found that mast seeding of
C. mandshurica significantly increased seed dispersal
fitness of C. heterophylla, while mast seeding of
C. heterophylla did not significantly increase seed
dispersal fitness of C. mandshurica. This is likely that
C. mandshurica seeds with higher nutrition but thinner
seed hull are more likely eaten by rodents, which might
increased the survival of C. heterophylla seeds. While
C. heterophylla seeds with less nutrition and harder
seed hull might not have such positive effect on seed
survival of C. mandshurica seeds. Therefore, mast
seeding may benefit seed dispersal fitness of itself, but
may benefit, or not benefit, the seed dispersal fitness of
the other species, depending on the seed trait of the
focal species.

In summary, at intra-specific level, mast seeding of
C. mandshurica and C. heterophylla significantly
decreased seed removal, seed consumption, but
increased dispersal distance, seed caching and dis-
persal fitness of their own seeds. At inter-specific
level, the effects of mast seeding were different,
probably due to differences in seed traits. Mast
seeding of C. mandshurica seeds with thinner hull
and higher nutrition significantly increased seed
dispersal fitness but reduced dispersal distance of
C. heterophylla seeds with harder hull and lower

@ Springer

nutrition rewards. We conclude that synchrony
among species is, or is not, selectively beneficial to
the focus species depends on whether one species has
fitness gains from masting by the other species.

Acknowledgments We are very grateful to the Forest Bureau
of Dongfanghong Forest Center and Institute of Dailing
Forestry, Yichun city, Heilongjiang Province for their kind
support to our field investigation. Funds were provided by
National Basic Research Program of China (No.
2007CB109102) and the Natural Science Foundation of
China (No. 30700078). Thanks were given to Kekun Niu,
Guanggqiang Jiao, Fei Yu, Qunfeng Yi, Yanshuang Cao, Enmin
Zhou, Cheng Yang, Guangshuai Wang and Tenglong Li for
field help and data collection. We are very grateful to the two
anonymous reviewers for their valuable and critical comments
to this manuscript.

References

Brewer SW, Webb MAH (2001) Ignorant seed predators and
factors affecting the seed survival of a tropical palm.
Oikos 93:32-41

Chambers JC, Macmahon JA (1994) A day in the life of a seed:
movements and fates of seeds and their implications for
natural and managed systems. Ann Rev Ecol Syst
25:263-292

Crawley MJ, Long CR (1995) Alternate bearing, predator
satiation and seedling recruitment in Quercus robur.
J Ecol 83:683-696

Curran LM, Leighton M (2000) Vertebrate responses to spatio-
temporal variation in seed production by mast-fruiting
Bornean Dipterocarpaceae. Ecol Monogr 70:101-128

Curran LM, Webb CO (2000) Spatio-temporal scale of seed
predation in mast-fruiting Bornean Dipterocarpaceae:
Experimental studies of regional seed availability. Ecol
Monogr 70:129-148

Forget PM, Wenny D (2005) How to elucidate seed fate:
review of methods used to study seed caching and sec-
ondary dispersal. In: Forget PM, Lambert J, Hulme P,
Vander Wall S (eds) Seed fate: predation, dispersal and
seedling establishment. CABI International, Wallingford,
pp 379-393

Jansen PA, Bartholomeus M, Bongers F, Elzinga JA, Den
Ouden J, Van Wieren SE (2002) The role of seed size in
dispersal by a scatterhoarding rodent. In: Levey D, Silva
WR, Galetti M (eds) Seed dispersal and frugivory: ecol-
ogy, evolution and conservation. CABI Publishing, Wal-
lingford, pp 209-225

Jansen PA, Bongers F, Hemerik L (2004) Seed mass and mast
seeding enhance dispersal by a noetropical scatter-
hoarding rodent. Ecol Monogr 74:569-589

Janzen DH (1971) Seed predation by animals. Ann Rev Ecol
Syst 2:465-492

Jenkins SH, Peters RA (1992) Spatial patterns of food storage
by Merriam’s kangaroo rats. Behav Ecol 3:60-65

Kelly D (1994) The evolutionary ecology of mast seeding.
Trends Ecol Evol 9:465-470



Plant Ecol (2011) 212:785-793

793

Kelly D, Sork VL (2002) Mast seeding in perennial plants:
why, how, where? Ann Rev Ecol Syst 33:427-447

Kelly D, Harrison AL, Lee WG, Payton 1J, Wilson PR,
Schauber EM (2000) Predator satiation and extreme mast
seeding in 11 species of Chionochloa (Poaceae). Oikos
90:477-488

Kelly D, Koenig WD, Liebhold AM (2008) An intercontinental
comparison of the dynamic behavior of mast seeding
communities. Pop Ecol 50:329-342

Li HJ, Zhang ZB (2007) Effects of mast seeding and rodent
abundance on seed predation and dispersal by rodents in
Prunus armeniaca (Rosaceae). For Ecol Manag
242:511-517

Lu JQ, Zhang ZB (2005a) Food hoarding behavior of large
field mouse Apodemus peninsulae. Acta Theriol 50:51-58

Lu JQ, Zhang ZB (2005b) Food hoarding behavior of Chinese
white-bellied rat Niviventer confucianus. Acta Theriol Sin
25:248-253 (In Chinese with English abstract)

Moore J, McEuen AB, Swihart RK, Contreras TA, Steele MA
(2007) Determinants of seed removal distance by scatter-
hoarding rodents in deciduous forests. Ecology
88:2529-2540

Stapanian MA, Smith CC (1978) A model for seed scatterho-
arding: coevolution of fox squirrels and black walnuts.
Ecology 59:884-896

Theimer TC (2001) Seed scatterhoarding by white-tailed rats:
consequences for seedling recruitment by an Australian
rain forest tree. J Trop Ecol 17:177-189

Theimer TC (2003) Intraspecific variation in seed size affects
scatterhoarding behavior of an Australian tropical rain-
forest rodent. J Trop Ecol 19:95-98

Vander Wall SB (1990) Food hoarding in animals. University
of Chicago Press, Chicago

Vander Wall SB (2002) Masting in animal-dispersed pines
facilitates seed dispersal. Ecology 83:3508-3516

Vander Wall SB (2003) Effects of seed size of wind-dispersed
pines (Pinus) on secondary seed dispersal and the caching
behavior of rodents. Oikos 100:25-34

Wang LH, Meng C (2005) Landscape diversity and stability of
Korean pine broad-leaves forest in Xiaoxing’anling forest

region. Chin J Appl Ecol 16:2267-2270 (in Chinese with
English summary)

Wenny DG, Levey DI (1998) Directed seed dispersal by
bellbirds in a tropical cloud forest. Proc Natl Acad Sci
95:6204-6207

Xiao ZS, Zhang ZB, Wang YS (2004) Dispersal and germi-
nation of big and small nuts of Quercus serrata in sub-
tropical evergreen broadleaved forest. For Ecol Manag
195:141-150

Xiao ZS, Zhang ZB, Wang YS (2005) The effects of seed
abundance on seed predation and dispersal by rodents in
Castanopsis fargesii (Fagaceae). Plant Ecol 177:249-257

Yi XF, Zhang ZB (2008) Seed predation and dispersal of
glabrous filbert (Corylus heterophylla) and pilose filbert
(Corylus mandshurica) by small mammals in a temperate
forest, northeast China. Plant Ecol 196:135-142

Youngsteadt E, Nojima S, Héberlein C, Schulz S, Schal C
(2008) Seed odor mediates an obligate ant-plant mutual-
ism in Amazonian rainforests. Proc Natl Acad Sci
105:4571-4575

Youngsteadt E, Baca JA, Osborne J, Schal C (2009) Species-
specific seed dispersal in an obligate ant-plant mutualism.
PLoS ONE 4:e4335

Zhang ZB, Wang FS (2001) Effect of rodents on seed dispersal
and survival of wild apricot (Prunus armeniaca). Acta
Ecol Sin 21:839-845 (in Chinese with English Abstracts)

Zhang HM, Zhang ZB (2008) Endocarp thickness affects seed
removal speed by small rodents in a warm-temperate
broad-leafed deciduous forest, China. Acta Oecol
34:285-294

Zhang HM, Cheng JR, Xiao ZS, Zhang ZB (2008a) Effects of
seed abundance on seed scatter hoarding of Edward’s rat
(Leopoldamys edwardsi Muridae) at the individual level.
Oecologia 158:57-63

Zhang HM, Chen Y, Zhang ZB (2008b) Differences of dis-
persal fitness of large and small acorns of Liaodong oak
(Quercus liaotungensis) before and after seed caching by
small rodents in a warm temperate forest, China. For Ecol
Manag 255:1243-1250

@ Springer



	Intra- and inter-specific effects of mast seeding on seed fates of two sympatric Corylus species
	Abstract
	Introduction
	Materials and methods
	Study site
	Seed tagging
	Seed release and seed removal
	Abundance and species composition of small rodents
	Data analyses

	Results
	Rodent species and abundance
	Seed removal level
	Seed fates
	Dispersal distances
	Dispersal fitness

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


